233 words) 22 Depopulation trends in many developed regions are resulting in an increase in 23 areas of abandoned farmland, which could provide an alternative habitat for species 24 endangered by past conversion of wetlands for agriculture. Additionally, various spatial 25 and temporal factors (landscape structure, local habitat quality, and abandonment age) 26 could influence species composition in abandoned farmland. In this study, we explored 27 the spatio-temporal effects of land abandonment on the species composition of wetland 28 ground beetles (Coleoptera: Carabidae) to examine whether abandoned farmland can 29 contribute to conserve wetland species' habitats. We first compared ground beetle 30 assemblages among four land uses (grassland, wetland, and newly and previously 31 abandoned farmland) in the Kushiro region, eastern Hokkaido, Japan. We then 32 examined the factors influencing differences in wetland species composition between 33 abandoned farmland and wetland. We found that the composition of wetland species in 34 abandoned farmland was more similar to that of wetland than that of grassland. Our 35 results also showed that soil moisture in abandoned farmland was positively related to 36 the land abandonment age and that differences in wetland species composition between 37 abandoned farmland and wetland were negatively related to both soil moisture and 38 surrounding wetland area. Our findings suggest that abandoned farmland can serve as 39 an alternative habitat for wetland ground beetles. Maintaining a high level of soil 40 moisture in abandoned farmland and conserving the surrounding wetland could be an 41 effective strategy for restoring natural habitats for these species. 42 43
selected as a reference for land use in arable land and pristine vegetation, respectively. 121 All the survey sites were located more than 500 m apart from each other. Because no 122 accurate data for abandonment age was available, we estimated the age of abandonment 123 by interviewing land owners or neighbors around each survey site, and we classed the 124 duration of abandonment into two categories: after the 1990s and before the 1980s. The To examine the species composition of ground beetles at each survey site, we 131 collected ground beetles using pitfall traps in two periods: early summer (June 19 to 132 July 24) and autumn (August 27 to September 12) 2014. At each survey site, we set 16 133 pitfall traps placed in a grid of 2 x 8 traps for 2 weeks per period, with each trap located 134 more than 5 m away from any other trap. Then, the grid was placed at a minimum 135 distance of 10 m from the edge of each field. The traps were 95 mm in diameter and 124 136 mm in depth and contained approximately 50 ml propylene glycol as a preservative. We 137 placed a square veneer plate (120 mm x 120 mm) above each trap to block the 138 accumulation of rainwater. In wetland, we placed the traps on the ground, avoiding 139 puddles, and made four or five small holes at 4 cm below the top of a trap to prevent the 140 overflow of rainwater. The beetles were identified to the species level and categorized 141 into three groups according to the Working Group for Biological Indicator Ground each site, we established 16 survey points, each of which was located near a pitfall trap. 155 We first placed a metal rod vertically at the survey point, and recorded the presence of 156 vegetation touching the rod at 50 cm intervals (0-50 cm, 51-100 cm, 101-150 cm, and 157 151-200 cm). We summed all the presence/absence data of plant species for each survey 158 point (ranging from 0 to 4) and then averaged the data for the 16 survey points for each 159 survey site. At all 16 survey points at each site, soil moisture was measured at a depth of 160 15 cm using a soil moisture meter (HydroSense, Campbell Scientific, Inc., Logan, USA).
161
The values of vegetation density and soil moisture measured in June and August were 162 averaged for each survey site.
163
To examine the effect of landscape structure on the species composition of 164 ground beetles, we made a vector map of the vegetation data, including abandoned 165 farmland, from the latest digital vegetation map (scale of 1: 25,000; Ministry of 166 Environment of Japan, 2004). We confirmed the locations of abandoned farmland 167 through the interviews with farmers or local officers and through our visual 168 observations. We calculated the patch area of abandoned farmland as an indicator of 169 habitat quality (e.g., MacArthur and Wilson, 1967) , the amount of wetland area within a 500-m buffer around the survey sites and the nearest distance between abandoned farmland and wetland, a variable that affected the colonization of abandoned farmland 172 by wetland species from the source habitat (e.g., MacArthur and Wilson, 1967; 173 Quesnelle et al., 2015) . The size of the buffer size was chosen based on previous studies 174 (e.g. Woodcock et al., 2010) . This work was conducted using Quantum GIS version 175 2.8.2 (QGIS Development Team, 2015) . 
Results

235
We collected a total of 15,409 individuals belonging to 63 species (32 species 236 and 5,076 individuals for wetland species and 19 species and 9,481 individuals for 237 open-land species) from all 37 survey sites (Table A1 ). For wetland species, the values 238 for abundance were smaller in grassland than in other land uses ( Fig. 2b) and were 239 similar among newly abandoned farmland, previously abandoned farmland, and wetland 240 sites. For open-land species, estimated richness and abundance were greater in grassland 241 than in wetland sites (Fig. 2cd ). Open-land species were also found in newly and 242 previously abandoned farmland sites, though only 1 individual was recorded from the 243 wetland sites (Fig. 2d) . The NMDS results showed separate ordination of grassland sites and remnant 247 wetland sites with newly and previously abandoned farmland sites situated between 248 these two land uses (Fig. 3) . This pattern of ordination was observed for the two data 249 sets (i.e., wetland and open-land species and wetland species only; Fig. 3 ). In addition, 250 the composition of wetland species differed among the land uses (Fig. A1 ). For example, Table A2 ) and also showed that the rest of the pairwise 262 combinations of land uses significantly differed from each other (p < 0.05, ANOSIM, 263 Table A2 ). The best fitting SEM showed that soil moisture, amount of wetland area within 267 a 500 m buffer, and abandonment age influenced the dissimilarity index (chi-square = 268 0.57, RMSEA = 0.00, AGFI = 0.94, Fig. 4b ). The dissimilarity index was negatively 269 influenced by soil moisture and the amount of wetland area but was positively influenced by abandonment age (Fig. 4b) . Soil moisture was also positively influenced 271 by abandonment age. In the best fitting model, the effects of soil moisture on the 272 dissimilarity index, of wetland area on the dissimilarity index, and of abandonment age 273 on soil moisture were significant (p < 0.05; Fig. 4b) , with larger effect sizes ( Fig. 4b; 274 Fig. A2 ). The indirect effects on the dissimilarity index, i.e., the effect of abandonment 275 age on soil moisture and the effect of soil moisture on the dissimilarity index, were 276 significant. However, the direct effect of abandonment age on the dissimilarity index 277 was not significant, and the size of the direct effect was smaller than the indirect effect. Several studies have reported that wetland species abundance increases with greater soil 294 moisture (Martay et al., 2012; Pardo et al., 2008) . In general, wetland ground beetle 295 species can adapt to floodplain environments, such as those with seasonal water level 296 fluctuations (Kolesnikov et al., 2012; Rothenbücher and Schaefer, 2006) , and increased 297 soil moisture also contributes to improving habitat quality, resulting in greater egg and 298 larval survival (Huk and Kühne, 1999) . Therefore, we conclude that the increase in soil 299 moisture promoted the colonization of abandoned farmland by wetland species. Our 300 results also showed that vegetation density did not affect species composition in 301 abandoned farmland. This could be because vegetation density was similar between 302 newly and previously abandoned farmland sites (Table A3 ). Previous studies have 303 shown that cultivation legacies such as seed banks and soil nutrients are among the 304 drivers that affect vegetation succession in abandoned farmland (e.g., Bengtsson et al., 305 2003; Cramer et al., 2008) . Although we did not measure seed banks and soil nutrients 306 directly, the fact that vegetation density did not affect the species composition of ground 307 beetles in abandoned farmland (Fig. 4) indicated that the effect of cultivation legacy on 308 ground beetles was limited in this study.
309
In our study region, wetland area within a 500 m buffer had a significant effect 310 on the dissimilarity index, although the abandonment age and the distance between 311 abandoned farmland and wetland had only a limited effect on the dissimilarity index 312 (Fig. 4b) . Overall, the colonization success of meta-communities depends on the 313 dispersal capability of each species and the spatial distance between the source and sink 314 (e.g., Hanski, 2000) . Noreika et al. (2015) found that only a few years were required for 315 wetland insects, including ground beetles, to colonize in new restoration sites adjacent 316 to a large and high-quality wetland. The majority of ground beetle species inhabiting 317 unstable habitats have long wings and strong flying capacity (e.g., den Boer, 1990). In 318 fact, more than two-thirds of the wetland species trapped in this study have long hind 319 wings (macropterous species) (Table A1 ). In addition, Martay et al. (2014) estimated 320 that Carabus granulatus, one of the wetland ground beetles, could move up to 2 km in 321 90 days. In this study area, the distance between the abandoned farmland and wetland 322 was relatively short (tens of meters to several hundred meters on average; Table. A3).
323
Although we could not directly examine their flying ability or movement speed, the 324 wetland species in our study area might be able to move among habitats patches in the 325 agricultural matrix, so they could rapidly colonize abandoned farmland from 326 surrounding wetlands. The amount of source habitat is also an important factor in the 327 colonization of a new habitat by an organism (e.g., Quesnelle et al., 2015) because the 328 dispersal probability (or rate) of individuals to a new patch increases with increasing 329 source patch area. In our study region (i.e., wetland patches located near abandoned 330 farmland), a large surrounding wetland is more important for the colonization of 331 abandoned farmland by wetland ground beetles than other landscape structures.
332
Our study found that both local and spatial effects (i.e., soil moisture and the 333 amount of surrounding wetland) equally impact the colonization of abandoned farmland 334 by wetland ground beetles, although a direct temporal effect was limited. The results 335 demonstrate that increases in soil moisture and the amount of surrounding wetland can 336 be key for restoring wetland ground beetles using abandoned farmland. Accordingly, we 337 suggest that soil moisture in fields and the surrounding source habitat may be good 338 indicators for understanding whether a given abandoned farmland can serve as a habitat 339 for these wetland species. The cost of restoration of wetland ecosystems tends to be 340 higher than for other ecosystems, such as grassland or woodland (de Groot et al., 2013) , 341 and our results showed that abandoned farmland could act as a habitat for wetland 342 ground beetles.
343
As the reuse of abandoned farmland as arable land in our study region may be 344 difficult due to the large expenditure for repairs to drainage systems, utilizing the natural recovery of wetland vegetation in abandoned farmland may be a cost-effective 346 strategy for restoring wetland environments. For example, rewetting by drainage 347 reclamation (e.g., re-filling drainages with soil) is often used to restore wetland habitat 348 (e.g., Klimkowska et al., 2007) , and this technique may be conducted more easily by 349 utilizing abandoned farmland with high soil moisture.
350
Nonetheless, we should recognize that the natural recovery of wetland species 351 in abandoned farmland does not mean the full restoration of wetland environments.
352
Although the species composition in the examined abandoned farmland sites was 353 similar to that of the remnant wetland, we also found that the species compositions were 
